588th MEETING, BELFAST 45 1 various concentrations as a selective inhibitor and have found that ATP at a concentration of lOmM abolishes arylsulphatase B activity but only inhibits 50% of the arylsulphatase A activity.
There are six forms of hepatic glutathione S-transferase (EC 2.5.1.18) active towards l-chloro-2,4-dinitrobenzene that do not bind to DEAE-cellulose at pH 7.2. The two least basic forms (D and E) do not bind to CM (carboxymethy1)-cellulose at pH 6.7, whereas forms C, B, A and AA elute in that order with a linear 0-75m~-KCI gradient (see Habig et al., 1976) . Early work with the rat and human enzymes showed that all forms were dimers of mol.wts 45 000-48 500 (Habig et al., 1974a; Kamisaka et al., 1975) . Since the amino-acid compositions are very similar for all the human liver forms (Kamisaka et al., 1975) and since each species cross-reacted with antibody produced against any one of them (Fleischner et al., 1976) , it was originally proposed that they are structurally related and that the various forms arise as a result of deamidation in uiuo (Kamisaka et al., 1975) .
However, only forms A and C of the rat show similar immunological determinants (Habig et al., 1974a; Guthenberg & Mannervik, 1979) , so that the relationship between these and the other rat forms remains obscure. This problem is of interest because glutathione S-transferase B has been suggested to be identical with an abundant intracellular organic anion-binding protein named ligandin (Litwack et al., 1971; Habig et al., 19746) . Both glutathione S-transferase B and ligandin were originally suggested to be dimers composed of similar subunits of mol.wt. 25 000 (for glutathione S-transferase B; Habig et al., 1974a) and 22000-23000 (for ligandin; Litwack et al., 1971) . More recently Hayes et al. (1979) have presented evidence that glutathione S-transferase B is a heterodimer composed of subunits of mol.wts 22000 (termed the 'a' subunit after Bass et al., 1977) and 25000 (termed the 'c' subunit after Bass et al., 1977) , whereas ligandin is a homodimer composed of 'a' subunits. They discuss the possibility that, in the rat, the major forms of glutathione S-transferase may result in part from the proteolytic cleavage of a homodimer of 'c' subunits. We present (20pg) of Protein from the fractions indicated in the text were loaded on to polyacrylamide gels (3% stacking gel in 0.125 M-Tris/HCI. pH 6.8; 15% resolving gel in 0.375 M-Tris/ HCI. pH8.8) and run at 30mA for 6h. The gels were fixed (30min. 2OoC) in water/methanol/acetic acid (9 : 9 : 2. by vol.). stained (30min. 2OoC) in a 1.25% (w/v) solution of Coomassie Brilliant Blue in fixing solution and finally destained in water/methanol/acetic acid (83 : 10: 7. by vol.).
evidence that rat liver glutathione S-transferase AA is composed of similar subunits of rnol.wt 24000 and suggest that this form may represent the hypothetical 'cc'-precursor. 
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If the multiple forms of glutathione S-transferase arise solely as a result of non-enzymic deamidation (the process suggested to be operative in the case of human liver), then every rat tissue should contain the same forms in the same proportions. We have therefore analysed the forms in rat liver, kidney, spleen, brain and testis by CM-cellulose chromatography at pH6.7 after first removing acidic proteins by passage through DEAEcellulose at pH7.2. By using the liver chromatogram as a reference (with haemoglobin subforms as internal standards), we identified glutathione S-transferases B and AA in kidney (they co-chromatograph with the liver forms), C, A and AA in testis and only low activities of AA in spleen. These results are clearly not consistent with non-enzymic deamidation playing a major role in the origin of these multiple forms. Interestingly, brain contains virtually no glutathfone S-transferase activity. It remains to be seen if this absence of protective binding protein(s) relates to the known susceptibility of this tissue to bind toxic amounts of bilirubin. Prolonged dialysis after passing cytosol through DEAE-cellulose at pH7.2 did not increase activity in those tissues with low glutathione S-transferase activity (brain and spleen), neither did it effect the elution profile of liver or kidney cytosol on CM-cellulose chromatography, suggesting that differential binding of physiologically important ligands is not responsible for the observed multiple forms or the low activity seen in brain, spleen, muscle or adipose tissue.
The tubes of material corresponding to the peaks of activity of the rat liver forms C, B, A and AA resolved by CM-cellulose chromatography were analysed by sodium dodecyl sulphate/ polyacrylamide-gel electrophoresis using the system of Maizel (1971) as modified by Thomas (1978) . Bands corresponding to subunit mol.wts of 24000, 21500 and 19500 were tentatively identified as subunits c, b and a (using the terminology of Bass et al., 1977) , as shown in Fig. l(a) . Further purification of forms C, B, A and AA on Sephadex G-100 (which exhibited elution volumes corresponding to mol.wts of 44000, 43000,40000 and 55 OOO respectively) resulted in highly purified preparations composed only of these three subunits (Fig. lb) . There is some overlap of the forms during CM-cellulose chromatography; however, forms A and C are similar in that they appear to be dimers of b-type subunits. The posession of the same immunological determinants by these two forms (Habig et al., 1974a; Guthenberg & Mannervik, 1979 ) is consistent with this observation. The fact that they are separable by CM-cellulose chromatography indicates some difference between the subunits, and this aspect requires further study. Glutathione S-transferase B is a heterodimer composed of subunits a and c in accord with Hayes et al. (1979) , whereas form AA appears to be the cc-homodimer postulated by Hayes et al. (1 979).
An attractive scheme to account for the origin of the multiple forms of the glutathione S-transferases in rat liver might be that there is only one gene product (c) and that two proteolytic cleavages, e.g. c + b +a, could then result in the dimeric forms, cc, cb, ca, bb, ba and aa. Unfortunately there is no evidence for bc or ba heterodimers in the present or in previous work (Bass et al., 1977; Hayes et al., 1979) . In the absence of definitive data about the subunit compositions of forms D and E. the relationship between the glutathione S-transferases requires further consideration.
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